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This Technical #ole was prepared for t h e  National 

Aeronaut ic s  and Space Administration under Contract NASr-21(03), 

which is manjltored by The Dynamaic Mads D i v i s i o n ,  Langley 

Research Center, The results reported here are an extension . 
and elaboration of those presented in AR-110-NASA, RAND'S 

f i n a l  report on t h e  contract, which was'submftted to 

Dr. Thomas L. K. Smu3.1, Director of Granta and Research 

Contracts, NASA, on 36 December 1963. The concern here is 

w i t h  the o b j e c t i v e s  of Phase I X  of t h i s  r0,si;liarch program, 

namelyf the characterization of t h e  dynaraics of boast 

vehicles in the preaeaee of external excitations. The 

primary investigations concerned the question af whether  

l inearized analyses of boaat vehicles provide  acceptable 

predictive ~~~h~~~~~~ for  ~~~~~~~~~~~~ the d~~~~~~~~ ~~~~~~~~- 
meet o f  t h e  veh ic l e  when t h e  governing differential equat ions  

are nonlinear and driven by external. (stochastic) excitations. 
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1 .I The Governing Equations in Perturbation Form 

them t I c r  L cis  for t h e  present ~ o ~ ~ i ~ e ~ ~ t ~ o ~ ~  

i s  the corapleW n0aliae8r  ti^^ tionls of IL, iraort 

vehicle as bevexoped in Reference [l] 

review of t h e i r  derivation together with certain addit ional  

results which m y  Ix? useful in conjunction i t h  the h o w -  

geneauc3 problem. 

i 

Is g ive  here a brlal 

L@t {X(t>f  denota t h e  column mtrfx of dynmfcal  

v a r h b l e s  that app@are in the trajectory (rigid 

equations of a boost vehic le  when these  equations are 

reduced to firat-order d i f f e r e n t i a l  squations, and l e t  

( Y f t ) ]  denote the r e w i n i n  d y ~ a m i ~ ~ ~  ~ ~ ~ i ~ ~ l ~ ~  (again 

referred to first-order differential representations). The 

dynwicaf .  state of a boost v e h i c l e  is thus described by the  

S i n c e  the trajectory equations usuallg ignore certain terms, 

k t  is assumed t h a t  the trajectory equations are given by 

nhere 
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about t h e  traJetetory state ,  t h a t  is 

limds to t h e  following system of egusitions: 

In  t h i s  systemt the =trices - A ,  E%, Et are known funct2onre~ 
M 

o f  t h e  rigid-body tr.srjwtory k6olution X ( t )  ( m e  Bq. (34) 

af [ I ] > ,  and hence are functions of t h e  time, and the sacond- 
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and 

S e t  

t 

1 

t 

with  
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irag”t2,ioas ( l e 2 > .  Since the analyBis o f  boaart vshlcles, af; 

least in ths  preliminary des ign phsbpe, does not u l s ~ l l p  

rery 011. the nonlinear ay tm (l.lQ)p but rather on the 

kf. 

ms first &e: Fl&MJ#& 

(1.11) @ f i l b i t  the 

the nonlinsa-etem (I *ro)a 
These questions are answered in Ref. [ 11 . Definite 



provided 

(1.14) 

(I (I 15) 

denotes the inverse o f  the fun tal normal 

matrix; E<%) associated with t h e  Xinear system {l*ll); 

that i s ,  
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(t) fu(O)] I t a  %hat rauld be obtained from t h e  

lfnear Pyaitem i f  the i n i t i a l  conditions far the camplets 
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If the excitrtian of the coapleta system (1.1) is describtad 

axplfcitlg, the ~linswer is obviaus; the excitation to ba w e d  

sxcitition, On the other hand, if the excitation is t h e  
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